and their genetic characterization occurred mainly after the development of zymogram technique.
Several animal species of all vertebrate classes have been submitted to aminopeptidase characterization (Del Lama, 1977; Del Lama et al., 1992) . Among insects, the exopeptidases of Drosophila are the enzymes that have been most extensively studied (Beckman and Johnson, 1964; Hall, 1988; Sakai et al., 1969; Walker and Williamson, 1980; Walker et al., 1981) .
Despite their presumptive physiological importance, little information is available about the biochemical and genetic properties of the exopeptidases present in bees. Two distinct groups of aminopeptidases were characterized in pupal extracts of 14 bee species by Del Lama and Mestriner (1984) .
The objective of the present study was to characterize the aminopeptidases of Apis mellifera L. on the basis of their substrate preference, the effect of inhibitors on their activity, their tissue and ontogenetic developmental distribution, and the differences in aminopeptidase patterns observed in drones, queens and workers. We also present data about the genetic variation detected at a locus that exhibits its greatest expression in the reproductive tract of adult males. The genetic determination of this polymorphism, the frequency of the different variants, and data about genetic linkage with other biochemical markers of Apis mellifera are also presented.
MATERIALS AND METHODS

Material
Apis mellifera workers, drones and queens of different stages of ontogenetic development were obtained from the apiary of the Department of Genetics, Faculty of Medicine of Ribeirão Preto (FMRP), SP, Brazil.
Sample preparation
Head-thorax or abdomen extracts from workers, queens and drones were prepared separately in 0.2 ml of 0.2% 2-mercaptoethanol solution and centrifuged at 3500 g for 15 min at room temperature, and the supernatants obtained were used for electrophoretic analysis.
Electrophoretic analysis
Horizontal electrophoresis was carried out on 14% corn starch gel (Penetrose 30 TM , Refinações de Milho Brasil S/A) using triscitrate-borate buffer (0.017M tris + 0.0023M citric acid, pH 8.0, and 0.3M boric acid, pH 8.3, for the gel and electrodes, respectively). The gels were exposed to a constant current at 2 mA/cm for 4 h at 10 °C.
For the genetic linkage studies, esterase phenotypes were determined in phosphate, pH 6.7, buffer gels, while Mdh-1, Hk-1 and Pgm-1 phenotypes were determined in tris-EDTA-maleate-MgCl 2 , pH 7.4, buffer gels. Further details about the electrophoretic procedures for the determination of these phenotypes have been published elsewhere (Del Lama et al., 1985 , 1993 .
Detection of aminopeptidase activity
Aminopeptidase activity was detected by incubating the gels for 2 h at 37 °C in 100 ml tris-maleate buffer (0.1M tris + 0.1M maleic anhydride), pH 5.5, containing 30 mg substrate (aminoacyl derivatives of β-naphthylamine) and 40 mg Fast Garnet GBC salt .
Enzymatic inhibition
The effect of EDTA and 1,10-phenanthroline on aminopeptidase activity was investigated by first incubating the gel for 20 min in tris-maleate buffer, pH 5.5, was determined by analysis of their respective drone progenies.
Genetic linkage
Drones produced by naturally inseminated doubly heterozygous queens for Lap-D and another biochemical marker were analyzed electrophoretically to detect genetic linkage between these loci. Expected segregational distribution was analysed by the chi-square test.
RESULTS
Four aminopeptidases were detected in
Apis mellifera which were designated Lap-A, Lap-P, Lap-D and Lap-G according to their similarities with aminopeptidases of Drosophila. They are presumably products of four distinct structural gene loci and their relative electrophoretic mobilities can be seen in Figure 1 . Table I shows the results of the tests for substrate preference. It can be seen that the aminopeptidases of Apis mellifera did not demonstrate absolute specificity for the β-naphthylamide derivatives employed, although their highest relative activity was observed with leucyl-β-Na as substrate.
The inhibition studies showed that the four Apis aminopeptidases were completely inhibited in the presence of 10 mM EDTA and partially inhibited by 5 mM or 1 mM EDTA. Partial Lap-A inhibition and total Lap-P, D and G inhibition occurred with 1 mM 1,10-phenanthroline. Table II shows the developmental distribution of A. mellifera aminopeptidases. Lap-A activity was present at all developmental stages, from newly deposited eggs to aged drones and workers, whereas Lap-P containing 10, 5 or 1 mM EDTA or 1 mM 1,10-phenanthroline. The enzymatic activity was then developed in the presence of these inhibitors. The control consisted of another gel slice submitted to previous incubation in the absence of inhibitors and then stained with the developing mixture.
Developmental distribution
Tissue distribution in adult individuals
Adult workers, virgin and inseminated queens and immature or sexually mature drones of Apis mellifera were dissected under a stereomicroscope. The digestive tract of all insects and the reproductive tract of drones (testes, mucus glands, ejaculatory bulb, seminal vesicles, and semen) and queens (ovaries/oviduct and spermatheca) were removed and kept in an ice bath, homogenized in 0.2% 2-mercaptoethanol (10 mg/20 µl) and centrifuged, and the resulting supernatants were submitted to electrophoresis.
Developmental distribution
Samples of eggs, 2-6 day larvae, young and pigmented pupae and adults were homogenized in a 2-mercaptoethanol solution (10 mg/20 µl), centrifuged and submitted to electrophoretic analysis.
Genetic variants
The occurrence of genetic variants of Lap-D was investigated in the abdomen extracts of adult drones from 52 Apis mellifera colonies of an apiary of FMRP-USP located near Luiz Antonio, SP, Brazil. At least 12 drones per colony were analyzed so that the genotype of the queen could be determined. The genetic basis of variation detected was confirmed by a homogeneity test of the phenotypic segregations produced by queens of the same genotype. The frequency of variants observed was estimated from the queen's genotype, which in turn was detected from the larval to the adult stage of both sexes, although its activity was more intense in pupae. Lap-D was observed in young (0-2 day-old) male and female larvae and in adult males. Lap-G was detected in both sexes from 2-day larvae to adults and was always observed when food was present in the digestive tract. 4, 5, 8, 11) , Lap D 90 (7, 9) and Lap D 82 (samples 2, 6, 10). Table I . Relative activity of Apis mellifera aminopeptidases on six aminoacyl-derivatives of β-naphthylamide. (+) .... (++++) indicate subjective estimates of increasing activity and (-) indicates no activity.
Lap-P was observed in the digestive tract and a residual activity was also observed in the thorax extracts of males and females.
Lap-D was visualized only in the reproductive tract of drones. Electrophoretic analysis of some tissue extracts (testes, seminal vesicle, mucus glands and ejaculatory bulb) demonstrated that Lap-D is present in all parts of the reproductive tract of drones. However, the highest activity was detected in the mucus gland and/or ejaculatory bulb,
Tissue distribution in adults
The distribution of A. mellifera aminopeptidases in the tissues of workers, queens and adult drones is found in Table III . Lap-A was detected in all drone tissues and body parts analyzed, including the antennae, cerebral ganglia and Malpighian tubules, but not in semen. This was also the only aminopeptidase present in the hemolymph of adults and in the ovary/oviduct and spermatheca extracts of queens. 
depending on where mucus was present in largest amounts. This association between the presence of mucus in the ejaculatory bulb/mucus gland and Lap-D activity was confirmed by analysis of mucus extracts isolated from these tissues. Lap-G was detected in the digestive tract of adults whenever food was present. Digestive tracts of males and females were isolated, washed, homogenized and these extracts were used for electrophoresis analysis. The results indicated that Lap-G activity seems to be concentrated in the intestinal lumen.
Electrophoretic analysis of seminal vesicle extracts demonstrated the presence of an additional region of aminopeptidase activity. The low relative activity of this enzyme, however, impaired its detection and appropriate characterization.
Genetic variants and linkage analysis
Among the four aminopeptidases detected, electrophoretic variants were observed only for Lap-D. Because of its particular tissue distribution, this variation was characterized by electrophoretic analysis of abdomen extracts of adult males from 54 colonies. Four electrophoretic variants were detected and named according to their anodal mobility in relation to the most frequent variant taken as reference (Fig. 1) .
Analysis of drone progenies from presumably heterozygous queens demonstrated that these queens segregated two phenotypes at the expected 1:1 ratio. Table IV shows the homogeneity chi-square values estimated to demonstrate that queens of the same genotype produced similar phenotypic segregation in males, supporting the genetic determination of the variation observed. A. mellifera young larvae also presented a region of mobility similar to that of Lap-D observed in the reproductive tract of adult males. The correspondence between the two regions was confirmed by electrophoretic analysis of worker and drone larvae and adult drone progenies of these queens. 30   Table IV . Segregational analysis to demonstrate the inheritance of the Lap-D enzyme variants in adult drone progenies. Data from different queens (n) of Apis mellifera with the same phenotype were pooled to test homogeneity. 
DISCUSSION
The four aminopeptidases detected showed greater activity towards leucyl-β-naphthylamide and therefore may considered to be leucylaminopeptidases.
The difference in sensitivity exhibited by Lap-A and the other aminopeptidases toward the two chelators, EDTA and 1,10-phenanthroline, was significant. EDTA had a more pronounced effect on Lap-A activity, whereas 1,10-phenanthroline had a greater inhibitory effect on Lap-P, Lap-D and Lap-G. Studies of the effects of these reagents on the aminopeptidase activity of Drosophila demonstrated that EDTA had Electrophoretic analysis of worker larvae aged approximately 2 days, collected from colonies of Apis mellifera ligustica (four colonies) and Apis mellifera carnica (three colonies) revealed the presence of the variants 82, 90 and 100. These findings suggest that Lap-D polymorphism is well established in different Apis mellifera subspecies. The heterozygote pattern observed in these larvae consisted of two bands, typical of a monomeric protein. a marked inhibitory effect on Lap-A but did not affect Lap-D activity, whereas 1,10-phenanthroline did not affect Lap-A activity but strongly inhibited Lap-D activity (Walker and Williamson, 1980; Walker et al., 1981) .
Aminopeptidases are usually more active than carboxypeptidases in insects (Terra and Ferreira, 1994) and must play an important role in the intermediary digestion of proteins. The tissue distribution of aminopeptidase activities would be expected to be intimately tied to their physiological roles. The nearly ubiquitous occurrence of Lap-A activity through most tissues, body parts and developmental stages points to a rather general metabolic role, such as regulating the concentrations of amino acids and small peptides in the hemolymph and other tissues. This enzyme is probably an aminopeptidase of general use in tissues and in the hemolymph and should be important in protein anabolism and maintenance of osmotic stability. Its presence in the embryo suggests that this enzyme not only acts on larval tissue histolysis (Muhs, 1975) , but is probably active early in development for the hydrolysis of yolk protein. This enzyme is probably synthesized in the ovary and not formed "de novo" from a stable maternallyderived message since unfertilized eggs (drones) produce zymogram patterns identical to those of early embryos, contributing to the maintenance of a continuous supply of amino acids for protein anabolism (Collet, 1976a, b; Laurie-Ahlberg, 1982) . This assumption is supported by the fact that Lap-A was the only aminopeptidase detected in queen ovary extract.
Lap-P is more active in the pupal stage. Studies on other insects have suggested that this type of enzyme is synthesized during early development and is stored in its inactive form to be later used in a more advanced stage of development (Walker and Williamson, 1980) . Hall (1986 Hall ( , 1988 reported the occurrence of three distinct aminopeptidases in Drosophila. One of them, denoted Lap-P, was predominantly present during the pupal stage and its probable function was the histolysis and mobilization of the food stock. Furthermore, appreciable amounts of the enzyme were present in the exuvial fluid and pupal capsule during hatching. Although Apis Lap-P has been so designated because it is more proeminent in pupae, as is the case for Lap-P of Drosophila, it is also present in larvae and adults. In Drosophila females, most Lap-P activity is found in the ovaries, suggesting that this enzyme may be involved in the oviposition process, and in embryos, where it is probably involved in the digestion of yolk protein. However, the Lap-P of Apis is not present in ovary or egg extracts, indicating that these enzymes perform different functions in these two species.
Lap-D exhibited tissue-and sex/castespecific distribution; it was observed in young larvae (less than three days) of drones and workers. Its most important characteristic, however, was its presence in extracts of the reproductive apparatus of drones, especially in mucus glands or ejaculatory bulb extracts.
Lap-G was detected only in larvae and in digestive tract extracts of adults. The activity of this enzyme is related to the presence of food inside the digestive tract. The presence of a high Lap-G activity in the midgut, which is the major site of digestion and absorption, is consistent with the assumption that the primary function of this aminopeptidase is digestion of dietary polypeptides to diffusible peptides in the digestive tract. A similar enzyme was observed in Drosophila (Walker and Williamson, 1980) , where it is present in the gut of larvae and adults and predominantly acts in the midgut, even though some activity has also been observed in the Malpighian tubules of larvae.
Among the four aminopeptidases detected, only Lap-D showed electrophoretic variants. The allelic nature of these variants was confirmed by analysis of colonies in which queens, presumably heterozygous, produced
The elucidation of the relationship between Lap-D activity in the mucus and its possible functional role in the process of fertilization in Apis mellifera needs further intensive examination.
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Résumé -Variation génétique, ontogé-nétique et spécifique des tissus des aminopeptidases chez Apis mellifera. Les aminopeptidases sont des enzymes qui hydrolysent les acides aminés situés en bout de la chaine polypeptidique. Malgré leur importance physiologique présumée, il existe peu d'informations concernant leurs propriétés biochimiques et génétiques chez les abeilles. Les aminopeptidases d'Apis mellifera ont été caractérisées après élec-trophorèse sur gel d'amidon selon leur pré-férence vis-à-vis des substrats, l'action d'inhibiteurs, leur répartition dans les tissus et au cours de l'ontogenèse et leur variation génétique. Quatre aminopeptidasesLap-A, Lap-P, Lap-D et Lap-G -, produits des quatre locus de gène de structure, ont été détectées. Aucune d'elles n'a montré de spécificité absolue vis-à-vis des substrats testés, bien que l'activité relative la plus éle-vée ait été observée avec la leu-β comme substrat. Les études d'inhibition enzymatique ont montré que la Lap-A était plus affectée par l'EDTA, alors que la 1,10-phenanthroline réduisait plus particulièrement l'activité des autres aminopeptidases. L'activité de la Lap-A était présente dans tous les tissus et chez tous les stades de développe-ment, depuis l'oeuf jusqu'à l'adulte âgé. L'activité de la Lap-G était concentrée dans la lumière de l'intestin moyen et a été détec-tée associée à la présence de nourriture dans le tube digestif. La Lap-D, bien que présente dans les extraits de jeunes larves two types of drones at the expected 1:1 Mendelian proportion. Furthermore, drone analysis did not reveal any heterozygous patterns and the homogeneity tests showed that queens of the same genotype produced similar drone progenies.
Four different Lap-D phenotypes were observed, indicating the occurence of four alleles. The allele frequencies obtained by inference of the queen genotypes were used to demonstrate that the genotypic proportions expected according to the model of genetic equilibrium were indeed observed in this sample. Young worker larvae showed a heterozygous pattern suggesting a monomeric structure for this enzyme.
Two facts should be emphasized with respect to Lap-D. First, this polymorphism also occurs in European bees; secondly, Lap-D represents the biochemical marker with the highest intra-locus heterozygosity yet reported for Apis mellifera. Furthermore, this gene presents a highly peculiar expression in tissue and during developmentalthough present in young worker and drone larvae, this gene has its greatest expression in the reproductive tract of adult drones. In animal spermatozoa and eggs, endopeptidases have been isolated and suggested to play important roles in the process of fertilization. Thus, acrosin isolated from mammalian sperm, two trypsin-like enzymes (acrosin and spermosin) from ascidian sperm and a chymotrypsin-like enzyme from sea urchin and frog sperm, are involved in sperm penetration through the vitelline coat of the eggs, functioning in elevation of the fertilization envelope and in the establishment of the block to polyspermy. However, the role of aminopeptidases in fertilization has not been determined in animals, although some of its properties and its relationship with fertilization have been demonstrated in bull and sea urchin sperm (Yasuhara et al., 1990) . Evidence obtained from the effect of inhibitors on the respiration and motility of sea urchin sperm suggests that these may act on the aminopeptidase activity present in sperm (Yasuhara et al., 1991 
